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1
RECEIVER PLATE WITH MULTIPLE
CROSS-SECTIONS

This application is a continuation of U.S. patent applica-
tion Ser. No. 11/132,996 filed May 19, 2005, the disclosure of
which is incorporated herein by reference.

BACKGROUND OF THE INVENTION

The biocavailability of a drug is affected by a number of
factors including its ability to be absorbed into the blood
stream through the cells lining the intestines. There are a
number of different in vitro assay options available to predict
the gastrointestinal absorption property of drugs including a
permeability assay, and a method known as PAMPA (Parallel
Artificial Membrane Permeability Assay), which uses a lipid
filled membrane to simulate the lipid bilayer of various cell
types, including intestinal epithelium. These non-cell based
permeability assays are automation compatible, relatively
fast (4-24 hours), inexpensive, and straightforward. They are
being used with increasing frequency to determine the pas-
sive, transcellular permeability properties of potential drug
compounds. The majority of drugs enter the blood stream by
passive diffusion through the intestinal epithelium. Conse-
quently, permeability assays that measure passive transport
through lipophilic barriers correlate with human drug absorp-
tion values from published methods.

Assays that predict passive absorption of orally adminis-
tered drugs have become increasingly important in the drug
discovery process. The ability of a molecule to be orally
absorbed is one of the most important aspects in deciding
whether the molecule is a potential lead candidate for devel-
opment. Cell-based assays, like those using Caco-2 cells, are
commonly used as a model for drug absorption; however, the
technique is labor intensive and is often situated late in the
drug discovery process. Assays described by Kansy and
Faller have addressed these issues by providing rapid, low
cost and automation friendly methods to measure a com-
pound’s passive permeability. Both permeability and PAMPA
assays use artificial membranes to model the passive transport
properties of the cell membrane. Other researchers have pre-
sented variations on Kansy’s method, in some cases, improv-
ing on the correlation with a particular target (e.g., blood-
brain barrier) or class of molecules. In general, the original
assay has remained the same.

The devices used to carry out permeability assays include
a filter plate containing one or more wells with a membrane
barrier fixed to the bottom of each well, and a receiver plate
configured to receive the filter plate in a nested relationship.
Reagents and buffers are placed with the filter wells and the
receiver wells at specific volume ratios so that accurate drug
transport data can be analyzed. It is desirable to have the filter
plate wells with membrane inserted into the receiver plate
wells so that the media in the receiver plate wells will be at or
close to equal level with the media in the filter wells. This
creates hydrostatic equilibrium and minimized pressure dif-
ferentials, which can cause uncontrolled or forced diffusion
through the membrane. At a minimum however, the mem-
brane must remain in contact with the liquid in the receiver
plate during the experiment, including during incubation,
shaking, and mixing. Cell culture assays (e.g., Caco-2) and
non-cell based screening assays (e.g., PAMPA) are described
in this manner. These devices also have non-cell based appli-
cations, which offer higher throughput compared to Caco
assays, and require larger membrane areas to help achieve
this.
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Analysis is performed by reading directly in a transport
assembly with UV or visual readers. It is therefore desirable
to have a receiver plate that allows UV and visual light trans-
mission. The protocol may also require shaking or other
means of agitating the media, as well as extended incubation
at room temperature. Handling of the device can be done
manually or with automated plate handlers. In the latter case,
the device needs to be compatible with the ANSI/SBS Micro-
plate Standards (incorporated herein by reference) which
apply mainly to the size, shape, and profile of the outer walls
of the plate. These standards also restrict the well array by
standardizing the distance between well centers and the loca-
tion of the array relative to the outside of the plate.

Conventional receiver plates used in non-cell based
PAMPA type assays include opaque acceptor plates and clear
polystyrene receiver plates. Capillary wicking, cross con-
tamination, volume control, evaporation, automation com-
patibility, and liquid recovery are problematic in these
devices, however. The primary cause of cross contamination
is the wicking of liquid in the small gap between each filter
well and receiver well when the two plates are nested
together, especially during incubation and shaking of the
device. In conventional devices each receiver plate well has a
circular cross section and thus forms a uniform capillary gap
with a corresponding well of the concentrically nested filter
plate, allowing for the wicking and cross contamination to
occur. With these conventional devices, the cross-section is
also uniform from the top to the bottom of the well, which
increases the volume in the lower section of the well located
under the membrane. Also with these conventional devices,
the uniform capillary gap in the upper section of the well can
hold only a minimum volume of media, and therefore when
the device is assembled, there is a greater chance of displacing
liquid out of the well, which leads to cross contamination. In
the conventional devices, there are no features to assist in
automated assembly and disassembly of the filter plate with
the receiver plate. In conventional devices, the filter plate
nests in the receiver plate such that there is a gap between the
two, thus creating open paths to the atmosphere for evapora-
tion of media from the receiver wells.

It therefore would be desirable to provide a receiver plate
that reduces or eliminates capillary wicking and cross con-
tamination.

It further would be desirable to provide a receiver plate that
readily accommodates visual readers.

It further would be desirable to provide a receiver plate that
minimizes the media volume requirements in the receiver
plate.

It further would be desirable to provide a receiver plate that
can handle a wider range of receiver volumes such that the
membrane remains in liquid contact and the media does not
displace out of the wells when the device is assembled.

It further would be desirable to provide a receiver plate that
has features to assist in the automated assembly and disas-
sembly of the filter plate.

It further would be desirable to provide a receiver plate that
will nest such that each filter well is centered within each
receiver well with minimal variation during the course of the
experiment.

It still further would be desirable to provide a receiver plate
that minimizes the effects of evaporation of media from the
wells during non-humidified incubation.

SUMMARY OF THE INVENTION

The problems of the prior art have been overcome by the
present invention, which provides a multi-well assembly
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including a filter plate and a receiver plate. Each plate
includes a plurality of wells, which, when the filter plate is
placed in a nesting relationship with the receiver plate, each
filter plate well has a corresponding receiver plate well into
which it extends in nesting relationship. The receiver plate
wells are of a non-uniform cross section along the height of
the well. The cross-section of the upper portion of the receiver
plate well is chosen to increase the gap between the outer
walls of the filter plate wells and the inner walls of a corre-
sponding receiver plate well when the receiver plate and filter
plate are in a nesting relationship. This cross section creates a
non-uniform gap such that the increased gap size reduces
wicking and cross-contamination as well as increases the
volume around the filter well to accommodate larger media
volume variations. The lower portion of the receiver plate
well has a reduced cross section compared to the upper por-
tion, thus forming a non-uniform cross-section along the well
height. This reduced volume lower section reduces the media
required for the experiment. In a preferred embodiment, the
cross-section of the receiver plate wells transitions from a
square cross-section to a round cross-section. Preferably the
portion of each receiver plate well that accommodates the
filter plate well is square or substantially square in cross-
section, and transitions to a circular or other geometric cross-
section just below where the membrane on the filter plate well
would be positioned when the filter plate is in nesting rela-
tionship with the receiver plate. The square cross-section also
provides larger pathways for air to escape during assembly of
the device. A square cross section maximizes the useable
space between neighboring wells given a circular filter well
and the limitations of ANSI/SBS restrictions on well spacing.
A multi-section well of maximum cross-section in an upper
region and a minimized cross-section in a lower region, with
a gradual transition between the regions, is thus provided.

The multi-well assembly of the present invention also
improves the repeatability of positioning the filter plate and
receiver plate in proper nesting relationship, so that the filter
wells are not eccentric with the receiver wells. The present
invention also provides a means to improve automated assem-
bly and disassembly by means of a lead-in feature. In addi-
tion, evaporation of media from the receiver wells is reduced
by providing a flat surface-to-surface contact between the
filter plate and receiver plate.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a cross-sectional top view showings wells of a
conventional filter plate nested in a receiver plate;

FIG. 2 is a cross-sectional side view showings wells of a
conventional filter plate nested in a receiver plate;

FIG. 3 is a cross-sectional side view showing a portionof'a
filter plate in nesting relationship with a receiver plate in
accordance with the present invention;

FIG. 4 is a perspective view showing a portion of a filter
plate in nesting relationship with a receiver plate in accor-
dance with the present invention;

FIG. 5 is a perspective view of a receiver plate in accor-
dance with the present invention;

FIG. 6 is a perspective view of a portion of a filter plate in
nesting relationship with a receiver plate showing filter plate
support ribs and a positioning rib in accordance with the
present invention; and

FIG. 7 is a perspective view of a portion of a filter plate
nested in a receiver plate and showing a position rib in accor-
dance with the present invention.

DETAILED DESCRIPTION OF THE INVENTION

Turning first to FIGS. 1 and 2, there is shown conventional
filter plate wells 20" nested in conventional receiver plate
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wells 21'. The filter plate wells 20" have a uniform circular
cross-section, and the receiver plate wells 21' have a uniform
circular cross-section as well. The outside diameter of the
filter plate wells 20" is slightly smaller than the inside diam-
eter of the receiver plate wells 21', enabling the filter plate
wells 20" to be nested within the receiver plate wells as seen in
FIG. 2. A small capillary gap 24 is formed between the outer
walls of the filter plate wells 20" and the inner walls of the
corresponding receiver plate wells 21', as well as between the
inner walls of the filter plate wells 20" and the wall 22' sepa-
rating receiver plate wells 21'. This gap allows for displace-
ment and wicking of fluid and results in cross-contamination,
as fluid from one receiver plate well can travel in the gap and
contaminate fluid in another well, as shown by the wicking
path 26 in FIG. 2.

FIGS. 3 and 4 illustrate a preferred embodiment of the
present invention that increases the gap between the outer
walls of the filter plate wells and inner walls of the receiver
plate well in order to reduce or eliminate wicking and cross
contamination between or among wells and to reduce the
chance of displacing liquid out of the well. In the embodiment
shown, the diameter in the portion of each receiver plate well
21 that receives a filter plate well 20 is increased, so that the
gap 122 between the inner walls of each receiver plate well 21
and the outer walls of a corresponding filter plate well 20 is
increased, thereby inhibiting capillary action and reducing or
eliminating wicking of fluid in this gap. Preferably this por-
tion of each receiver plate well has a substantially square
cross-section, as seen in FIG. 5, although other shapes,
including teardrop, are within the scope of the invention. This
increased diameter region of the well also provides a pathway
for air to escape when the filter plate is placed in nesting
relationship with the receiver plate. Any air bubbles that oth-
erwise would become trapped underneath the membrane dur-
ing the assembly of the plates now can travel out the gap
between the filter plate well and the receiver plate well.

Where the upper region of the receiver plate is in a square
cross-section, a suitable gap between the outer wall of a
nested filter plate well 20 and the inner wall of a receiver plate
well 21 at the four corners of the square is a maximum of
0.039 inches, depending on the corner radius chosen, with a
minimum gap of about 0.010 inches at the four side walls. The
minimum gap is dictated by the ANSI/SBS array spacing
standard and the outside diameter of the filter plate well 21'.

Since wicking of fluid is not an issue in the region of each
receiver well below where each filter plate well nests when in
the assembled condition (e.g., in the region of each receiver
plate well that is below the effective area of the membrane 30
of each filter plate well), the diameter and therefore the vol-
ume of this region can be smaller than the region that receives
and accommodates each filter plate well. Accordingly, in a
preferred embodiment of the invention, each receiver plate
well 21 transitions from a larger diameter region in the area
that receives a filter plate well 20 to a smaller diameter region
in the area that is below where each filter plate well 20 nests.
Although the particular shape of this region is not particularly
limited and can include a teardrop shape, preferably this
region of each receiver plate well 21 is circular in cross-
section, in order to improve liquid recovery and to control the
amount of media volume for the experiment. More particu-
larly, were the square cross-section continued from the region
that receives the filter plate well to the region below where the
filter plate well nests, un-recovered media would become
trapped in the well corners, especially during automated lig-
uid removal in which a pipette is extracting liquid from a
single location and tipping the plate is not possible. Since it is
only necessary to have media directly under the effective
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membrane area, the diameter of the lower region of the
receiver plate well can be substantially the same as the outer
dimensions of the filter well 20, and preferably the same as the
effective membrane diameter so that fluid can transfer
between each filter well and corresponding receiver well,
through the membrane, without obstruction, to this region of
the receiver well. Preferably no region of the receiver plate
well is less than the effective membrane area, so that the entire
membrane surface remains visible to plate readers when
viewed from the bottom of the plate.

The transition from the larger diameter region to the
smaller diameter region is preferably uniform in order to
reduce hold up or un-recovered media. In the embodiment
shown, the transition results in angled wall sections 32 when
cross sections are taken through corners of the square well, as
shown in FIG. 3. This angled section will vary from zero
degrees (as measured from a vertical axis) for sections taken
through the side walls (as shown in FIG. 2) to a maximum
angle which is dictated by the corner radius and the height of
the transition. The shape of the upper and lower sections and
the height of translation will determine the maximum angles
that are produced. For proper drainage, it is desirable to have
angles less than 70 degrees when measured from vertical.

Proper and reproducible placement of the filter plate wells
within the receiver plate wells is important to avoid cross
contamination, as eccentric nesting of the filter plate wells in
the receiver plate wells can cause the gap between the wells to
vary and allow wicking. Also, the well location needs to be
properly maintained through the experiment during manual
and automated handling, mixing, and shaking to prevent lig-
uid sloshing, spilling, and wicking. Proper placement, par-
ticularly during automation, can be enhanced in accordance
with one embodiment of the present invention by providing a
chamfer 35 along the outside perimeter ofthe array of wells in
the receiver plate 10. The chamfer functions to guide the
outside edges of filter plate wells 20 into proper nesting
relationship with the receiver plate wells 21. By locating the
chamfer around the perimeter of the well array, various con-
figurations of filter plates can be guided into place, even
where the filter late has a skirt that would interfere with such
a guide were it positioned about the outside edge of the
receiver plate rather than about the periphery ofthe well array.
Preferably the chamfer is formed at a 45° angle, sloping
toward the wells as seen in FIG. 5.

To further guide the assembly of the filter plate and receiver
plate, positioning ribs or posts 40 can be provided in one or
more, preferably at least two, wells of the receiver plate that
mate with corresponding well support ribs or posts 41 in
corresponding filter plate wells. The positioning ribs also
provide a means of keeping the filter plate from moving or
shifting during handling, mixing, and shaking. As best seen in
FIG. 7, a positioning rib 40 is provided between a corner well
21A and an adjacent well 21B in the receiver plate 10. Pref-
erably the rib 40 has a flat top that extends towards the well
array and is slightly lower than the top face of the receiver
plate. The rib 40 terminates in a sidewall that includes a
chamfered region 40A, preferably angled at about 45°, and a
straight or perpendicular portion 40B perpendicular to the top
of the well wall. The chamfered lead-in and tapered mating
face of the rib 40 guide a corresponding support rib 41 (FIG.
6) on a corresponding well of the filter plate. Preferably the
supportribs 41 are tapered, narrowing towards their free ends.
Positioning ribs 40 are only necessary at two points in the
plate to control translation in two directions and rotation
about the vertical axis. Although the positioning ribs 40 are
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preferably located at opposite corner wells, it is within the
scope of the present invention to provide them at any point
within the plate, including the outside well walls or the gap
between well walls (in which case the rib would fit in between
the filter plate wells with a chamfer lead in and tapered wall on
each side). The rib or pin features could also use the outside
wall of the filter plate 20" to provide the means of location.

In order to reduce evaporation of media from the receiver
wells, particularly from the peripheral receiver wells, the
filter and receiver plates preferably are configured so that
there is a flat surface-to-surface contact area between the
plates to seal the wells. Thus, the area 50 that is peripheral to
the chamfered lead-in 35 of the receiver plate is flat or planar
(FIG. 5), as is the corresponding area 51 of the filter plate that
sits on area 50 (FIG. 3), the effectively creating a face seal
when the filter plate is in nesting relationship with the receiver
plate. This allows the filter wells to hang in the receiver wells,
and eliminates communication with the outside environment.
There are other means for ensuring a region of intimate con-
tact between the filter plate and receiver plate with no air gap
and minimum contact with the environment. One such
method is a raised bead around the periphery of the receiver
plate. This raised bead could be an overmolded elastomeric
material, thus acting as a gasket type seal.

What is claimed is:

1. A multi-well device comprising:

a filter member having a plurality of filter wells each hav-

ing a filter well membrane, and

a receiver member having plurality of receiver wells each

having a bottom, said receiver member adapted to
receive said filter member in nesting relationship
whereby each of said filter wells extends into a respec-
tive receiver well, in one-to-one relationship, to a posi-
tion spaced from said receiver well bottom, thereby
defining in each said receiver well a filter well occupied
region and a region unoccupied by a filter well, said filter
well occupied region having a diameter larger than any
diameter of said region unoccupied by a filter well, each
said unoccupied region of each said receiver well com-
prising a transition region and a remainder region, said
transition region being located at a point at or below the
location of each said filter well membrane when each
said filter well is in nesting relationship with a corre-
sponding receiver well, and located above said receiver
well bottom,

wherein each receiving well wall in each said transition

region is angled radially inwardly, and transitions to a
portion of said receiving well wall that does not angle
radially inwardly.

2. The multi-well device of claim 1, wherein said filter well
occupied region has a substantially square cross-section.

3. The multi-well device of claim 1, wherein said filter well
unoccupied region has a substantially circular cross-section.

4. The multi-well device of claim 1, wherein each said filter
well has a filter well wall, and wherein said diameter of said
filter well occupied region is sufficient to create a gap between
said filter well wall of a nested filter well and said receiver
well wall of a corresponding receiver well, said gap being
large enough to impede capillary action in said gap.

5. The multi-well device of claim 1, wherein said filter well
has a diameter, and wherein said filter well unoccupied region
has a diameter substantially the same as said filter well diam-
eter.



